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(£) Upgradable multi-chip module. 

©A substrate, an alignment plate, a heat sink, a 
back plate, a plurality of spacers, and a plurality of 
nuts are used to removably package a number of 
semiconductor packages into a single module. The 
semiconductor dies are packaged with TAB pack- 
ages having LGA outer lead bumps. The substrate 
comprises a number of land patterns, a number of 
alignment cavities, and a number of join cavities. 
The alignment plate is fabricated with a number of 
alignment pins, a number of housing cavities, and a 
number of join cavities. The heat sink is fabricated 
with a number of stems and a number of join cav- 
ities. The back plate is fabricated with a number of 
extrusions having threaded ends. The spacers are 
fabricated with flanged openings at both ends, and 
each spacer is loaded with a number of spring 
washers. The nuts are fabricated with stepped 
heads. The extrusions, the land patterns and the 
alignment and join cavities of the substrate, the 
alignment pins and the housing and join cavities of 
the alignment plate, the stems and the join cavities 
of the heat sink, the spring washer loaded spacers, 
and the stepped head nuts are coordinated in their 
numbers, sizes and geometric locations. As a result, 
the semiconductor packages may be easily replaced 
at a later time with enhanced versions, and the 
replaced semiconductor packages are salvageable. 
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BACKGROUND OF THE INVENTION 

1, Field of the Invention: 

The present invention relates to the field of 
semiconductor packaging. More specifically, the 
present invention relates to packaging a plurality of 
semiconductor packages, including very large 
scale integration (VLSI) chips, into a single module. 

2. Background: 

Packaging a plurality of semiconductor pack- 
ages into a single module is well known in the art. 
Typically, the semiconductor packages are moun- 
ted onto the module by one of a number of well 
known techniques, such as flip chip, tape auto- 
mated bonding (TAB) or wire bonding. These prior 
art mounting/packaging techniques all have a com- 
mon disadvantage in that they require the semicon- 
ductor packages to be permanently mounted to the 
board or substrate of the module. The only way to 
upgrade the digital system comprising the module 
is to replace the entire module, and the perma- 
nently mounted semiconductor packages are not 
salvageable. This is especially undesirable when 
the semiconductor packages are the more costly 
VLSI microprocessor chip and related application 
specific integrated circuits (ASICs), and the digital 
system is a microprocessor based computer sys- 
tem. Thus, it is desirable to be able to package a 
number of semiconductor packages into a single 
module in an upgradable manner. That is, the 
semiconductor packages are not permanently 
mounted, they can be easily replaced with en- 
hanced versions at a later time, and the replaced 
semiconductor packages are salvageable. As will 
be disclosed, the present invention provides for an 
upgradable multi-chip module which advantageous- 
ly achieves the desired results. 

SUMMARY OF THE INVENTION 

The desired results are advantageously 
achieved by packaging the semiconductor dies 
with TAB packages having land grid array (LGA) 
outer lead bumps. The semiconductor packages 
are then packaged into a single module using a 
substrate, an alignment plate, a heat sink, a back 
plate, a plurality of spacers, and a plurality of nuts. 
The substrate, comprises a plurality of land pat- 
terns, a plurality of alignment cavities, and a plural- 
ity of join cavities. The alignment plate is fabricated 
with a number of alignment pins, a plurality of 
housing cavities, and a plurality of join cavities. The 
heat sink is fabricated with a plurality of stems, and 
a plurality of join cavities. The back plate is fab- 
ricated with a number of extrusions having thread- 



ed ends. The spacers are fabricated *^ 
openings at both ends, and each space ^ ^ 
with a number of spring washers. T " )Qns of 
fabricated with stepped heads. The e nt 
5 the back plate, the land pattern and the 

and join cavities of the substrate, the ^ 
pins and the housing and join cavities ^ ^ 
ment plate, the stems and the join ca ^ ^ 
heat sink, the spring washer loaded I SP ^ 
70 the stepped head nut are coordinated 

bers, sizes and geometric locations ^ 

The substrate is first removably P'«* q{ ^ 
of the back plate, with the join e*" The 
substrate accommodating the extr d on top 0 f 
,s alignment plate is then removably P laC of tne 
the substrate, with the alignment ^ 
substrate accommodating the ^V** 0 ?? ac ' com . 
the join cavities of the alignment P 
modating the extrusions. The sem.con ^ ^ ^ 
20 ages are then removably placed on top q{ 
pattern of the substrate, with the housing ^ 
the alignment plate accommodating removab | y 
ductor packages. The heat sink is the ^ 
placed on top of the ali 9" m !f f . p * mi conduc- 
25 stems making direct contact with the ^ sjnk 
tor packages and the join cavities jtfx ^ 
accommodating the extrusions. Ne>«. ^ 
washer loaded spacers are removably " 
the extrusions of the back plate. F \t*»* p S) 
so plate, the substrate, the semiconducw h ^ 

the alignment plate, the heat sink, a* ' ^ a 

loaded spacers are removably joined w 
single module, and secured by rernov ^ ^ 
ing the stepped head nuts onto the t ^ 
35 of the extrusions until they firmly pres=> « 
spring washer loaded spacers. 

BRIEF DESCRIPTION OF THE DR/^ l!jg§ 

40 The objects, features, and ^vantages of *e 
present invention will be apparent tru ferred 
ing detailed description of ^P^ s& ^JJ mn with 
and alternate embodiments of the 
references to the drawings in which : jve view 

45 FIGURE 1 is an exploded front P® r = p of the 
of the upgradable multi-chip y 
present invention. ,^ a radable multi- 

Figure 2 is the top view of the upy 1 
chip module of the present indention. ^ 
so Figure 3 is the bottom view of TP ^ 

multi-chip module of the present m ^ upg _ 
Figure 4 is a cross sectional- ^ e nt jnven . 
radable multi-chip module of vn& k 
tion. 

55 
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DETAILED DESCRIPTION 



PRESENTLY PREFERRED AND ALTERNAT E EM- 
BODIMENTS ~ : 



In the following description, for purposes of 
explanation, specific numbers, materials and con- 
figurations are set forth in order to provide a thor- 
ough understanding of the present invention. How- 
ever, it will be apparent to one skilled in the art that 10 
the present invention may be practiced without the 
specific details. In other instances, well known sys- 
tems arc shown in diagrammatical or block dia- 
gram form in order not to obscure the present 
invention unnecessarily. 7S 

Referring now to Figures 1-4, the upgradable 
multi-chip module of the present invention 10 com- 
prises a number of semiconductor packages 12, a 
substrate 14, an alignment plate 16, a heat sink 20, 
a back plate 18, a plurality of spacers 44, and a 20 
plurality of nuts 22. For ease of illustration and 
understanding, only four semiconductor packages 
12 and five sets of nuts and spacers 22 and 44 are 
shown, however, based on the description to follow, 
it will be appreciated that the present invention 25 
may be practiced with two or more semiconductor 
packages, and more or less nut and spacer sets. 

The semiconductor dies (not shown) are pack- 
aged using TAB semiconductor packages 12 with 
LGA outer lead bumps 24. The LGA outer lead 30 
bumps 24 may or may not be cushioned, depend- 
ing on the sizes of the inter-bump pitches. TAB 
semiconductor packages with uncushioned LGA 
outer lead bumps are well known in the art. 

The substrate 14 comprises a plurality of land 35 
patterns 26, a plurality of alignment cavities 28, and 
a plurality of join cavities 29. The substrate 14 is 
made of well known materials, such as glass epoxy 
laminated ceramic, and the land patterns 26 are 
formed using a well known conductive material, 40 
such as gold. The land patterns 26, the alignment 
cavities 28, and the join cavities 29 are disposed 
on the substrate 14 in a symmetrical manner. 
While the land patterns 26 are shown in the four 
quadrants, the alignment cavities 28 are shown at 45 
the mid-point of two outer edges, and the join 
cavities 29 are shown in the four corners and the 
center, it will be appreciated that the land patterns 
26 and the alignment and join cavities 28 and 29 
may be disposed in other symmetrical manners. 50 
The numbers and sizes of the alignment and join 
cavities 28 and 29 will be described in further detail 
below. 

The alignment plate 16 is fabricated with a 
number of alignment pins 40, a plurality of housing 55 
cavities 38, and a plurality of join cavities 36. The 
alignment plate 16 is made of a well known poly- 
mer material, such as polyphenyiene sulfide. The 



geometric locations of the alignment pins 40 are 
precisely _ coordinated with the alignment cavities 
28 of the substrate 14. The precision is dependent 
on the inter-bump pitches of the LGA outer lead 
bumps 24. For inter-bump pitches between 0.8 mm 
and 0.5 mm, preferably, the precision is within +/- : 
0.07 mm. The numbers and planery sizes of the 
alignment pins 40 are also coordinated with the 
alignment cavities 28 of the substrate 14. Addition- 
ally, the lengths of the alignment pins 40 are co- 
ordinated with the thickness of the substrate 28. 
The numbers, sizes, and geometric locations of the 
housing cavities 38 are coordinated with the semi- 
conductor packages 12 and the land patterns 26 of 
the substrate 14. The numbers, sizes, and geomet- 
ric locations of the join cavities 36 are coordinated 
with the join cavities 29 of the substrate 14. While 
for ease of illustration and understanding, only two 
alignment pins are shown, it will be appreciated 
that the present invention may be practiced with 
one or more alignment pins. 

The heat sink 20 is fabricated with a plurality of 
stems 42 and a plurality of join cavities 41. The 
heat sink 20 is made of a well known thermal 
conductive material, such as, aluminum or copper. 
The numbers and sizes of the stems 42 are coordi- 
nated with the semiconductor packages 12, the 
housing cavities 38 of the alignment plate 16,' and 
the land patterns 26 of the substrate 14. The num- 
bers, sizes, and geometric locations of the join 
cavities 41 are coordinated with the join cavities 36 
of the alignment plate 16, and the join cavities 29 
of the substrate 14. While a fork type of heat sink 
20 is shown, it will be appreciated that the present 
invention may be practiced with other types of heat 
sinks. 

The back plate 18 is fabricated with a number 
of extrusions 30 having threaded ends. The back 
plate 18 is also made of a well known metallic 
material, such as aluminum or stainless steel. The 
heights of the extrusions 30 are coordinated with 
the thicknesses of the substrate 14, the alignment 
plate 16, the heat sink 20 (i.e. the base height 34 of 
the fork type heat sink 20 shown), the spacers 44 
and the nuts 22. The numbers, planery dimensions 
and the geometric locations of the extrusions 30 
are coordinated with the inside dimensions of the 
join cavities 29 of the substrate 14, the join cavities 
36 of the alignment plate 16, and the join cavities 
41 of the heat sink 20. 

The spacers 44 are fabricated with flanged 
openings 46 at both ends. Additionally, each spac- 
er 44 is loaded with a number of spring washers 48 
of known spring constant during deflection. The 
inside dimensions of the spacers 44 are coordi- 
nated with the total dimensions of the spring wash- 
ers 48 used. Preferably, eight to twelve spring 
washers 48, each having a spring constant of 3K 
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lb/in to 8K lb/in during deflection, are loaded in 
each spacer 44. However, springs or other similar 
materials may also be used in lieu of the spring 
washers. 

The nuts 22 are fabricated with stepped heads 
50. The outside dimensions of the steps of the 
stepped heads 50 are coordinated with the inside 
dimensions of the flanged openings 46 of the spac- 
ers 44, allowing the stepped heads 50 of the nuts 
22 to apply pressure to the spring washers 48 
loaded in the spacers 44. 

The substrate 14 is first removably placed on 
top of the back plate 18, with the join cavities 29 of 
the substrate 14 accommodating the extrusions 30. 
The alignment plate 16 is then removably placed 
on top of the substrate 14, with the alignment 
cavities 28 of the sufetrate 14 accommodating the 
alignment pins 40, and the join cavities 36 of the 
alignment plate 16 accommodating the extrusions 
30; l The^semiconductor packages 12 are then re- 
movably placed on top of the land patterns 26 of 
the substrate 14, with the housing cavities 38 of the 
alignment plate 16 accommodating the semicon- 
ductor packages 12. The heat sink 20 is then 
removably placed on top of the alignment plate 16, 
with the stems 42 making direct contact with the 
semiconductor packages 12. and the join cavities 
41 accommodating the extrusions 30. Next, the 
spring washer 48 loaded spacers 44 are slipped 
onto the extrusions 30 of the back plate 18. Finally, 
the back plate 18, the substrate 14, the semicon- 
ductor packages 12, the alignment plate 16, the 
heat sink 20, and the spring washer 48 loaded 
spacers 44 are removably joined together as a 
single module 10, and secured by removably 
threading the ' stepped head nuts 22 onto the 
threaded ends of the extrusions 30 until they firmly 
press against the spring washer 48 loaded spacers 
44. 

As a result of the constant deflection of the 
spring washers 48 caused by the pressure applied 
to the spring washers 48 by the stepped head nuts 
22, constant pressure is applied to the semicon- 
ductor packages 12 by the stems 42 of the heat 
sink 20. In turn, the constant pressure applied to 
the semiconductor packages 12 causes physical 
and electrical contacts between the LGA outer lead 
bumps 24 of the semiconductor packages 12 and 
the land patterns 26 of the substrate 14 to be 
maintained. 

While the present invention has been de- 
scribed in terms of presently preferred and al- 
ternate embodiments, those skilled in the art will 
recognize that the invention is not limited to the 
embodiments described. The method and appara- 
tus of the present invention can be practiced with 
modification and alteration within the spirit and 
scope of the appended claims. The description is 



thus to be regarded as illustrative instead of limit- 
ing on the present invention. 

Claims 

5 

1. A multi-chip module comprising: 

a) a plurality of semiconductor packages 
having a first plurality of densely disposed 
electrical contacts; 

10 b) a substrate comprising a second plurality 

of densely disposed electrical contacts, said 
semiconductor packages being removably 
placed on top of said substrate with said 
first and second plurality of densely dis- 

75 posed electrical contacts precisely contact- 

ing each other correspondingly; 

c) alignment means removably cooperating 
with said semiconductor packages and said 
substrate for maintaining said precise con- 

20 tacts between said first and second densely 

disposed electrical contacts; 

d) heat dissipation means removably coop- 
erating with said alignment means and said 
semiconductor packages for directly con- 

25 ducting heat away- from said semiconductor 

packages during operation; and 

e) join means cooperating with said sub- 
strate, said alignment means, and said heat 
dissipation-; means for removably joining 

30 said substrate, said alignment means, and 

said heat dissipation means. 

2. The multi-chip:mojciule as set forth in claim 1, 
wherein, ../;*•. . . . 

35 said semiconductor packages are TAB 

semiconductor packages; 

said first plurality of densely disposed 

electrical contacts are densely disposed LGA 

outer lead bumps; 
40 said second plurality of densely disposed 

electrical contacts are densely disposed pad of 

land patterns. 

3. The multi-chip module as set forth in claim 2, 
45 wherein, said land patterns are disposed on 

said substrate in a symmetrical manner. 

4. The multi-chip module as set forth in claim 1, 
wherein, 

50 said alignment means is an alignment 

plate having a plurality of alignment pins; and 

said substrate also has a plurality align- 
ment cavities for accommodating said align- 
ment pins when said alignment plate is remov- 

55 ably placed on top of said substrate, said 

alignment cavities and said alignment pins be- 
ing coordinated in numbers, sizes and geomet- 
ric locations. 
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5. The- multi-hip module as set forth in claim 4, 
wherein, said alignment pins and said align- 
ment cavities are disposed on said alignment 
plate and said substrate respectively in a sym- 
metric manner. 

6. The mufti-chip module as set forth in claim 5, 
wherein, 

said alignment plate and said substrate 
comprise two alignment pins and two align- 
ment cavities respectively; 

said two alignment pins and said two align- 
ment cavities being disposed at mid-points of 
opposite edges of said alignment plate and 
said substrate respectively. 

7. The multi-chip module as set forth in claim 4, 
wherein, 

said alignment plate also has a plurality of 
housing cavities for accommodating said semi- 
conductor packages when said alignment plate 
is removably placed on top of said substrate 
after semiconductor packages have been re- 
movably placed on top of said substrate; and 
• 7 J said heat dissipation means is a heat sink 

■ % having a plurality of stems for making direct 

physical contact with said semiconductor pack- 
0 : ' ages when said heat sink is removably placed 

'3jT on top of said alignment plate, said semicon- 

ductor packages, said housing cavities, and 
■•'[! said stems being coordinated in numbers, 

sizes and geometric locations. 

8. The multi-chip module as set forth in claim 7, 
wherein, 

said housing cavities and said stems are 
disposed on said alignment plate and said heat 
sink in a symmetric manner. 

9. The multi-chip module as set forth in claim 8, 
wherein, 

said multi-chip module comprises four 
semiconductor packages; 

said alignment plate and said heat sink 
comprise four housing cavities and four stems 
respectively; 

said four housing cavities and said four 
stems being disposed in four quadrants of 
complimentary surfaces of said alignment plate 
and said heat sink. 

10. The multi-chip modules as set forth in claim 7, 
wherein, 

said substrate also comprises a first plural- 
ity of join cavities; 

said alignment plate also comprises a sec- 
ond plurality of join cavities; 

said heat sink also comprises a third plu- 



rality of join cavities; 

sajd join means comprises a back plate 
having a plurality of extrusions having threaded 
ends, a plurality of spacers, and a plurality of 
s mating nuts, 

said extrusions being coordinated with said 
first, second, and third plurality of join cavities 
in numbers, sizes, and geometric locations, 
each of said spacers having flanged openings 
to at both of its ends and being loaded with 

spring washers of known deflection constants, 
said mating nuts having stepped heads, 

said back plate, said substrate, said semi- 
conductor packages, said alignment plate, said 
75 heat sink, and said spring washer loaded spac- 

ers being removably joined together and se- 
cured as a single module by removably 
threading said mating nuts onto said threaded 
ends of said extrusions until said mating nuts 
20 firmly press against said spring washer loaded 

spacers correspondingly, said extrusions being 
accommodated by said first, second, and third 
plurality of join cavities when said back plate, 
said substrate, said semiconductor modules, 
25 said alignment plate, said heat sink, and said 

spring washer loaded spacers are removably 
joined together and secured as a single mod- 
ule. 

30 11. The multi-chip module as set forth in claim 10, 
wherein, said first, second and third plurality of 
join cavities, and said extrusions are disposed 
on said substrate, said alignment plate, said 
heat sink, and said back plate in a symmetric 

35 manner. 

12. The multi-chip modules as set forth in claim 
1 1 , wherein, 

said join means comprises five extrusions, 
40 five spacers, and five mating nuts; 

said substrate, said alignment plate, and 
said heat sink comprise a first, a second, and a 
third five join cavities respectively; 

said first, second, and third five join cav- 
45 ities are symmetrically disposed at corners 

and centers of said substrate, said alignment 
plate, and said heat sink respectively. 

13. A multi-chip module comprising: 

50 a) a plurality of semiconductor packages 

having a plurality of semiconductor dies 
packaged with tapes having densely dis- 
posed LGA outer lead bumps; 
b) a substrate comprising a plurality of land 

55 patterns with densely disposed pads, a plu- 

rality of housing cavities, and a first plurality 
of join cavities, said semiconductor pack- 
ages being removably placed on top of said 
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land patterns with said densely disposed 
LGA outer lead bumps precisely contacting 
said densely disposed pads;. 

c) an alignment plate having a plurality of 
alignment pins, a plurality of housing cav- 5 
ities, and a second plurality of join cavities, 
said alignment pins being coordinated with 
said alignment cavities in numbers, sizes, 

and geometric locations, said housing cav- 
ities being coordinated with said semicon- io 
ductor packages and said land patterns in 
numbers, sizes, and geometric locations, 
said alignment plate being removably 
placed on top of said substrate with said 
housing cavities accommodating said semi- is 
conductor packages, and said alignment 
pins accommodated by said alignment cav- 
ities; 

d) a heat sink having a plurality of stems 

and a third plurality of join cavities, said 20 
stems being coordinated with said semicon- 
ductor packages and said land patterns in 
numbers, sizes and geometric locations, 
said heat sink being removably placed on 
top of said alignment plate with said stems 25 
contacting said semiconductor packages di- 
rectly; 

e) a back plate having a plurality of ex- 
trusions having threaded ends, said extru- 
sions being coordinated with said first, sec- 30 
ond and third plurality of join cavities in 
numbers, sizes, and geometric locations, 

said back plate being placed underneath 
said substrate with said extrusions being 
accommodated by said first, second, and 35 
third plurality of join cavities; 

f) a plurality of spacers, said spacers being 
coordinated with said extrusions in numbers 
and sizes, each of said spacers having 
flanged openings at both of its ends and 40 
being loaded with spring washers with 
known deflection constants; and 

g) a plurality of nuts having stepped heads, 
said step headed nuts being coordinated 

with said spacers and said extrusions of 45 
said back plate in numbers and sizes, said 
nuts being removably threaded onto said 
threaded ends of said extrusions firmly join- 
ing and securing said back plate, said sub- 
strate, said semiconductor packages, said 50 
alignment plates, said heat sink, and said 
spring washer loaded spacers together as a 
single module. 

The multi-chip module as set forth in claim 13, 55 
wherein, 

said land patterns, said alignment cavities, 
and said first plurality of join cavities are dis- 



posed on said substrate in a symmetric man- 
ner; 

said alignment pins, said housing cavities, 
and said second plurality of join cavities are 
disposed on said alignment plate in a symmet- 
ric manner; 

said stems and said third plurality of join 
cavities are disposed on said heat sink in a 
symmetric manner; and 

said extrusions are disposed on said back 
plate in a symmetric manner. 

15. The multi-chip module as set forth in claim 14, 
wherein, 

said multi-chip modules comprises four 
semiconductor packages; 

said substrate comprises four land pat- 
terns, two alignment cavities, and a first five of 
join cavities; 

said alignment plate comprises two align- 
ment pins, four housing cavities, and a second 
five of join cavities; 

said heat sink comprises four stems and a 
third five of join cavities; and 

said back plate comprises five extrusions; 
. said four land patterns and said four stems 
being disposed in quadrants of said substrate 
and heat sink respectively; 

said two alignment pins and said two align- 
ment cavities being disposed at mid-points of 
opposite edges of said alignment plate and 
said substrate respectively; 

said extrusions, and said first, second, and 
third five of join cavities being disposed at 
corners and centers of said black plate, said 
substrate, said alignment plate, and said heat 
sink respectively. 
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